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Description 

DISTRIBUTED SYSTEM AND METHOD FOR 
THE REMOTE ACQUISITION OF DATA IN 
PACKETS WITH A COMMUNICATION 
PROTOCOL WHICH OPTIMIZES THE 
TRANSMISSION SPEED 

Background of Invention 

[0001] The present invention relates to a distributed system and 
to a process for acquiring remote data in packets with a 
communication protocol optimizing the transmission 
speed. These system and process are applicable in the au- 
tomotive industry for quickly and effectively controlling 
certain operation parameters or functions in a vehicle 
through a single time-shared bus. 

[0002] Different data processing and communications systems 
applied to vehicles are known in the state of the art. 

[0003] European patent number 0653856, to Regie Nationale des 
Usines Renault, S.A., discloses a process and device for 



evaluating the quality of a communication network as- 
sembled in an automotive system and comprises several 
electronic modules connected by means of a communica- 
tion bus and which emit each one of the signals in the 
form of frames composed of high and low binary states. A 
measurement is taken of the transaction time difference 
between said high and low binary states on each signal 
frame circulating in the bus for a constant tension differ- 
ence representative of this transition and set by the fea- 
tures of the bus. Said measurement is carried out by 
means of one or several particular bits located outside of 
the frame arbitration area. A maximum time difference is 
sought and compared with a predefined maximum value 
for a configuration of the vehicle. 
[0004] European patent number 0681383, to Regie Nationale des 
Usines Renault, S.A., discloses a process for transmitting 
messages between modules of a communication network 
connected by a bus, such that the frame emitter module 
defines a field in the identifier of addresses of each frame; 
it initializes the content of the field of the first frame to be 
emitted with a value known by all recipient modules; it in- 
creases the content of the field; it modulates its maximum 
value in each frame emission; and such that each receptor 



module accepts the frame after a filtering by comparison 
of one part of said field with a memorized model and by 
comparison between the identifier field of the frame and 
one or several indicators memorized in view of its use in 
the application of the module. This process is applied to a 
communication network assembled in an automotive ve- 
hicle. 

[0005] us patent number 5,697,048, to Pioneer Electronic Cor- 
poration, discloses a data communication system assem- 
bled in a vehicle provided with at least one master unit, a 
plurality of slave units and a communication bus. Each 
one of the slave units is provided with a first recipient de- 
vice for receiving communication data transmitted 
through the communication bus; a first assessment device 
to evaluate whether the first recipient device has failed in 
the reception of the data or not; and a first transmission 
device to transmit recognition data to indicate a failure in 
the reception of the first recipient device in case the first 
assessment device has assessed that a reception failure 
has occurred. The master unit is provided with a second 
transmission device to transmit communication data 
emitted to the slave units; a second recipient device to re- 
ceive the transmitted recognition data; a second assess- 



ment device to assess whether the data corresponding to 
the transmitted communication data have been received 
by the second recipient device; and a process control de- 
vice to carry out a certain process to face the failure of the 
first recipient device. The system is prepared for being 
used in a component network of an audio-visual (AV) sys- 
tem in the vehicle. 
[0006] European patent number 0849122, by Temic Telefunken 
Microelectronic GMbH, discloses a process for transmit- 
ting digital data from a central unit and several control 
modules connected thereto such that they are suitable for 
the communication of control information, especially for 
controlling safety devices in an automobile, through a bus 
system. When a critical state is detected from the safety 
point of view, the control information contains suitable 
orders warning of said critical safety state, using a first 
transmission protocol in which the central unit emits the 
control information to those units corresponding to the 
control modules. In critical safety cases, the data trans- 
mission speed increases, activating a second transmission 
protocol, which does not provide any re-emission of con- 
trol information, it is therefore shorter than the first pro- 
tocol. 



[0007] The present invention proposes a distributed system and 
a process for acquiring remote data in packets with a 
communication protocol, especially characterized by opti- 
mizing the transmission speed, being particularly applica- 
ble to the follow-up and control of the values of signals 
provided by a series of transducer devices distributed in 
different parts of an automotive vehicle, and which follow 
different analog or digital variables. These variables can 
correspond to vehicle operation parameters or functions, 
such as tire pressure and temperature, engine lubricating 
oil pressure and temperature, battery charge and voltage 
level, temperatures in different elements or areas of the 
vehicle, status of switches, ABS equipment, stereo equip- 
ment, speech or sound emission signals with the possibil- 
ity of echo canceling, etc. 

[0008] The system of the present invention comprises a digital 
processing unit associated to a combined master or main 
circuit and slave or subordinate circuits system, both pro- 
vided with digital processors, connected to each other 
through a single, time-shared communications serial bus. 
Each one of said slave circuits is associated to a 
transceiver device. The master circuit is provided to per- 
form, upon petition of an activation by said digital pro- 



cessing unit, a repetitive or non-repetitive communication 
with each one of the slave circuits, during which commu- 
nication a bit frame circulates through said time-shared 
serial bus according to a transmission protocol formed by 
a series of bits packets separated by a short time interval. 

[0009] Each one of said packets associated to a corresponding 
slave circuit comprises: 

[0010] a s tart bit, which has a longer duration or length than the 
data bits, so that they can be fully identified; a delay/ 
synchronism bit for the frames going from master to 
slave; one or more (according to the number of slave de- 
vices present in the system) address bits indicating the 
slave device to be consulted; and several data bits con- 
taining information sent to/or coming from each slave de- 
vice. 

[0011] The information from the slave circuits is stored in said 
master circuit in arrayed entries containing said data bits, 
which are susceptible to be acquired sequentially by the 
digital processing unit through a parallel bus and upon 
the petition of a reading order from said digital process- 
ing unit, while the repetitive master circuit communication 
with the slave circuit continues for carrying out a new 
consultation cycle. In turn, the digital processing unit is 



linked to a bus of the vehicle, such as a CAN or other type 
of bus. 

[0012] A n essential feature of the present invention is that, in or- 
der to maximally increase the data acquisition and pro- 
cessing speed, the protocol does not incorporate any 
transmission/reception error correction routine, although 
it preferably includes an error detection bit, therefore the 
system simply skips over the detected errors, going on to 
the reading of the following data packet. In other words, 
the system gives priority to the acquisition of a new data 
packet from a certain slave circuit over the integral (or 
corrected) recovery of a preceding data packet which has 
undergone an error in the transmission/reception thereof. 
This is possible due to the high transmission frequency in 
the data packet flow, such that the unexpected loss of one 
of them is not a significant disturbance for controlling the 
parameter involved. 

[0013] The system uses the Manchester format to encode each 

bit of the bit packets. In each bit packet, the length of said 
start bit is at least two times the length of each one of the 
data bits of the packet, whereas the delay/synchronism 
bit length is at least 1.5 times the length of one of said 
data bits. The start bit is provided for generating a re- 



initialization of all the slave circuits. Preferably, each bit 
packet further includes an additional protocol error detec- 
tion bit in the last place of the data field or address field. 
Each bit packet optionally contains, in addition to the ad- 
dress bit or bits, data bits sent to the slave device, being 
transmitted such that they are univocally recognized by 
the slave device. 
[0014] The system only admits digital form signals, therefore, 
when one of said transducer devices provides an analog 
signal, as is the case, for example, in a fuel tank level 
transducer, the transducer is then associated to an ana- 
log/digital converter connected to the corresponding 

slave circuit. 
Brief Description of Drawings 

[0015] The invention will be better understood from the following 
detailed description of a preferred embodiment example 
with references to the attached drawings, wherein: 

[0016] Figure 1 shows an illustrative scheme of the distributed 

system for acquiring remote data according to the present 
invention; 

[0017] Figures 2 and 2a show two conformation variants of the 

serial bus of figure 1; 
[0018] Figure 3 shows a general diagram of the protocol used by 



the system of figure 1 on a time scale; 
[0019] Figures 4 and 4a show enlarged details of the diagram of 
figure 3; and 

[0020] Figure 5 shows a scheme of the different bit frames circu- 
lating through the buses of the system of figure 1 on a 

time scale. 
Detailed Description 

[0021] First in reference to figure 1, it shows the elements com- 
posing the distributed system for acquiring remote data in 
packets with a communication protocol of the present in- 
vention, which optimizes the transmission speed. This 
system is particularly applicable to the follow-up and 
control of the values of signals provided by a series of 
transducer devices 1, 2, 3, 4 distributed in different parts 
of an automotive vehicle and which follow different analog 
and digital variables, such as tire pressure and tempera- 
ture, engine lubricating oil pressure and temperature, 
battery charge level, engine coolant liquid temperature, 
status of switches, etc. Each signal corresponding to one 
of said variables is received in a slave, or subordinate, cir- 
cuit 10, 20, 30, 40 provided with a slave digital processor 
SLV1, SLV2, SLV3, SLV4 and a transceiver device 11, 21, 
31, 41 capable of receiving and sending signals. Since the 



digital processors only admit digital format signals, when 
one of the transducers 1, 2, 3, 4 provides an analog sig- 
nal, it is necessary to arrange an A/D (analog/digital) con- 
verter 12, 22, 32, 42 at the inlet of the corresponding 
slave circuit 10, 20, 30. 40. On the other hand, in the ex- 
ample shown in figure 1, the transducer 4 provides a sig- 
nal, such as an audio signal, which needs to be suitably 
processed in a signal processor 43 before being intro- 
duced in the slave circuit 40. 

[0022] The assembly of slave circuits 10, 20, 30, 40 is connected 
with a master, or main, circuit 50 through a single, time- 
shared serial communications bus 60. Said master circuit 
50 comprises a master digital processor MST and a 
transceiver 51 capable of receiving and sending signals, 
and is in turn connected to a digital processing unit DP 
through a parallel bus 70. It is evident that, although the 
illustrated example shows four slave circuits 10-40, the 
invention is not limited to this number, being possible for 
there to be any number thereof connected to said master 
circuit 50 through said serial bus 60. 

[0023] Figure 2 shows a possible configuration for the serial bus 
60 of figure 1, in which the latter is formed by a twisted 
differential cable comprising two insulated copper con- 



ductors 61, 62 twisted together, optionally in shunt with a 
reference or mass line 64. Figure 2a shows another possi- 
ble alternative configuration for the serial bus 60, in which 
the bus comprises a single insulated copper conductor 63 
in shunt with a reference or ground line 64. 
[0024] The general process of the system of the present inven- 
tion is shown in figure 3. First, said digital processing unit 
DP directs a consultation order through parallel bus 70, by 
means of the activation of a signal wr, to the digital pro- 
cessor MST of the master circuit 50 so that it performs a 
sequential, repetitive or non-repetitive communication 
with each one of the digital processors SLV1, SLV2, SLV3, 
SLV4 of the slave circuits 10, 20, 30, 40 through the time- 
shared serial bus 60, through which a bit frame Ml, 
S1-M4, S4 circulates according to a predetermined trans- 
mission protocol without error correction. This protocol is 
formed by a series of bit packets P1-P4 separated by a 
short time interval tl, each one of said bit packets P1-P4 
comprising a respective interrogation bit cluster M1-M4 
coming from the master circuit to the corresponding slave 
circuit and a respective response bit cluster S1-S4 coming 
from the corresponding slave circuit to the master, where 
said response bit clusters S1-S4 are sequentially stored in 



arrayed entries. Said time interval tl between each data 
packet P1-P4 is necessary for absorbing the possible mis- 
matching occurring due to the different clocks of the 
master digital processors MST and slave digital processors 
SLV1-SLV4. The two-way transmission of each bit packet 
P1-P4, including said corresponding time interval tl, uses 
a time t2, and the sum of the times t2 corresponding to 
the interrogation-response of the four slaves SLV1-SLV4 
is a time t3. At the end of said time t3, i.e., at the end of 
transmission of the interrogation bit packet P4 and re- 
sponse corresponding to the last slave circuit SLV4, the 
digital processor MST of the master circuit 50 can direct 
an interruption order int through the parallel bus 70 to the 
digital processing unit DP to communicate to it that a 
consultation sequence of the slave circuits has concluded 
and that all the data are available so that it will establish a 
predetermined time period t4, during which time the digi- 
tal processing unit DP performs the reading rd of said data 
received from the slaves SLV1-SLV4 and stored in the 
master MST. At the end of said time period t4, the digital 
processing unit DP directs a new consultation order 
through the parallel bus 70, by means of the activation of 
a signal wr, to the digital processor MST of the master cir- 



cuit 50 so that it will begin a new interrogation-re- 
sponse-reading cycle. Thus, the total cycle time t5 is 
equal to the sum of the aforementioned times t3 and t4. 
However, after the second interrogation-response cycle, 
the digital processing unit DP is capable of reading data 
stored in the master digital processor MST through the 
parallel bus 70 simultaneously with the running of a new 
consultation cycle through the serial bus 60. 
[0025] n ow j n reference to figure 4, it shows the composition of 
each one of said bit packets P1-P4, taking the bit packet 
PI associated to the slave digital processor SLV1 as an 
example, which in the first place comprises said interro- 
gation bit cluster Ml coming from said master circuit to 
the corresponding slave circuit, which includes a start bit 
START, with a longer duration/length than the data bits, 
so that it is fully identified; 1.5 delay/synchronism bits 
SYNC for the bit frames going from master to slave; and 
one or more address bits Al, AO, according to the number 
of slave devices, indicative of the slave device SLV1 to be 
consulted. It also optionally includes an error detection bit 
DET. Then, the bit packet PI comprises said response bit 
cluster SI, coming from the corresponding slave circuit to 
the master, which bit cluster SI includes a delay/ 



synchronism bit SYNC followed by a bit series D0...Dn 
corresponding to the data of the parameter picked up by 
the corresponding transducer device 1 associated to the 
slave circuit 10. An error detection bit DET is also option- 
ally included here. Obviously, the remaining bit packets 
P2-P4 are similar to the disclosed bit packet PI. As has 
been indicated above, said start bit START has a duration 
which is longer than that of the other bits so that it can be 
clearly identified. Said duration of the start bit START is 
preferably two times the duration of a standard bit. 

[0026] Figure 4a shows a variant for said bit packet PI, which is 
equal to the bit packet PI of figure 4 in everything except 
that the interrogation bit cluster Ml also includes several 
data bits 10, In, containing information interactively trans- 
mitted to the corresponding slave circuit 10. 

[0027] Figure 5 shows the bit frame flows through the serial bus 
60 and the parallel bus 70 on a time scale. At the start of 
each interrogation-response sequence, a writing order wr 
from the digital processing unit DP circulates through the 
parallel bus 70 to the master digital processor MST so that 
said master acquires and stores the data of the parame- 
ters supplied by the corresponding transducers 1-4 to the 
corresponding slave circuits 10-40. At the end of said se- 



quence, the master digital processor MST can generate an 
interruption order int to the digital processing unit DP. 
Immediately after, the digital processing unit DP can read 
said parameters by means of the activation of the signal rd 
and the corresponding address bits to specify the param- 
eter. Through the serial bus 60, said bit clusters Ml alter- 
natively circulate from the master MST to the different 
slaves SLV1-SLV4 and the bit clusters S1-S4 from the dif- 
ferent slaves SLV1-SLV4 to the master MST.. This commu- 
nication through the serial bus 60 is two-way and interac- 
tive. If a time t3" corresponding to a complete interroga- 
tion-response sequence between the master MST and 
slaves SLV is programmed accurately, the interruption or- 
der int from the master digital processor MST to the digital 
processing unit DP can be omitted. 



